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Abstract. This review aims to compare the occurrence and 
distribution of mutans streptococci in Africa, Europe, and 
North America and in addition will try to offer explanations 
for existing relationships among salivary mutans 
streptococci counts, dietary patterns, and dental caries. The 
literature reveals that salivary mutans streptococci counts in 
child populations of the three continents are comparable. 
The distribution of mutans streptococci species, with a 
predominance of S. mutans followed by S. sobrimis, and the 
virtual absence of other mutans streptococci species are also 
comparable. Although it is widely believed that diet has an 
important effect on mutans streptococci counts, this review 
provides evidence that this does not hold true when 
variations in dietary patterns are moderate, as they 
normally are in real-life situations. Since the diets of the 
child populations in the three continents vary moderately, a 
strong dietary-induced effect on salivary mutans 
streptococci counts cannot be expected. The observed 
analogous salivary mutans streptococci counts in these child 
populations are thus 'not surprising7 but are in accordance 
with the conceptual expectation. The differences in caries 
experience in children of the three continents cannot be 
explained by the prevailing mutans streptococci species but 
instead should be attributed to differences in the 
cariogenicity of the various diets. The fact that the 
cariogenicity of the diet determines the development of 
dental caries while hardly affecting the mutans streptococci 
counts explains the limited value of the latter as an indicator 
of dental caries. The reviewed literature shows that mutans 
streptococci are ubiquitous in children aged 7 years and 
older in Africa, Europe, and North America. Mutans 
streptococci should therefore be considered as belonging to 
the indigenous microflora of the human mouth.
Key words: mutans streptococci, dental caries, diet, Africa, 
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Introduction
The cariogenic properties of mutans streptococci 
(Edwardsson, 1970) and their relationship with caries (van 
Houte, 1980) and with sugar intake (de Stoppelaar et ah, 1970) 
have led to the belief that mutans streptococci are the main 
bacterial cause of dental caries (Emilson and Krasse, 1985; 
Loesche, 1986). Particularly, the correlation between caries 
and mutans streptococci in industrialized countries, which is 
assumed to be caused by high levels of sucrose intake, has 
been generalized. This does not necessarily hold true for 
populations of non-industrialized countries where dietary 
patterns are different. Several studies on the prevalence of 
mutans streptococci in African populations have reported 
high prevalences of mutans streptococci and high salivary 
mutans streptococci levels (Carlsson, 1989). These findings 
were considered 'unexpected7, since caries and sugar intake 
are both low on the African continent. The widespread 
occurrence of mutans streptococci together with a low caries 
prevalence in African populations has led to suggestions that 
these populations may harbor different species of the mutans 
streptococci group or less cariogenic types.
In this paper, the literature on mutans streptococci in 
Africa is reviewed, and comparisons are made with the 
occurrence of mutans streptococci in Europe and North 
America to verify whether claims of 'high levels of mutans 
streptococci in Africa' are an accurate characterization of the 
occurrence of mutans streptococci on that continent. Special 
attention is focused on the effect of diet on mutans 
streptococci, in an attempt to explain the occurrence of 
mutans streptococci in African populations with a low 
caries experience.
Selection criteria for included studies 
on the occurrence of mutans streptococci
A total of 14 studies on mutans streptococci in African 
populations could be traced. Those dealing with mutans 
streptococci in dental plaque (Kelstrup et ah, 1974; Nutt and
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van Wyk, '1978; Kilian et al, '1979; Farghaly et al, 1984; Matee 
et al, 1993a) are not included in the comparison. Plaque 
samples are not very suitable for determining the oral load 
of mutans streptococci, due to the large variation in mu tans 
streptococci counts between tooth surfaces (Lindquist and 
Emilson, 1990). Since it is quite impossible to select a 
suitable plaque sampling site for assessment of the mutans 
streptococci oral load, saliva samples were taken to 
overcome this problem. It has been demonstrated that the 
mutans streptococci counts in saliva reflect the overall 
colonization of mutans streptococci on the dentition (Kohler 
et al, 1981; Emilson, 1983), The salivary mutans streptococci 
count can be considered as an 'average' for the individual 
oral load of mutans streptococci (Togelius et al, '1984), and 
therefore only studies dealing with salivary mutans 
streptococci counts have been included in the comparison 
between populations.
Different methods of sampling, cultivation, and 
quantification of salivary mutans streptococci have been 
described in the literature, Several studies have 
demonstrated that the viable counts of mutans streptococci
with the spatula method, the tongue loop method, the strip
i
mutans test, and the dip-slide test are all highly correlated 
with the mutans streptococci counts of the conventional 
paraffin-stimulated saliva sample on selective agar plates 
(Kohler and Bratthall, 1979; Alaluusua et al, 1984; Heighten, 
1986; Emilson and Krasse, 1986; Jensen and Bratthall, 1989). 
The observed variation in mutans streptococci counts 
between methods seems to be of the same magnitude as the 
reported intra-individual variation (Togelius el al, 1984). It 
seems therefore justified to compare salivary mutans 
streptococci counts from various studies where these
different methods were applied.
Nine studies on salivary mutans streptococci counts in 
African populations, conducted by means of the methods 
mentioned above, have been included in this review for 
comparison with studies on salivary mutans streptococci 
counts in populations in Europe and North America. The 9 
studies on African populations were all performed with 
children. Their ages varied considerably. It is well- 
documented that mutans streptococci numbers increase 
gradually with age as the number of teeth and retentive sites 
increases (Catalanotto et a l, 1975; Berkowitz et til., 1980; 
Togelius and Bratthall, 1982). To make comparisons 
meaningful, we classified the examined populations 
according to the following age groups; (1) average age from 1 
to 5; (2) average age from 5 to 12; and (3) average age from 12 
to 19, These age groups represent the deciduous dentition, the 
mixed dentition, and the permanent dentition, respectively.
Salivary mutans streptococci counts in African, European, 
and North American children
In a recent study in Tanzania among l-to-2.5-year-old 
children, salivary mutans streptococci were detected in 94% 
of the caries-active children and in 53% of the caries-free 
children. High counts (£ 10(') of salivary mutans streptococci 
were found in 6% of the caries-free children and in 29% of 
the caries-active children (Matee et al., 1992a). Thu only two 
other reports on salivary mutans streptococci counts among 
pre-school children in Africa are from South Africa. The 
sample in one study (Chosack et al., I9HN) consisted of urban 
black, colored, and Indian and rural black 3-to-5-year-otd 
pre-school children, whereas the sample in the other study
Country Age Number dmf
Sweden 1 1095
Finland 2 39 0.1s
Sweden 1 40
Sweden 2.5 832
Finland 4 39 2.3s
Finland 5 149 2.2s
Tanzania 1-2.5 17 0
USA 1-6 200
Sweden 4-5 36
Iceland 4-5 20 2.1s
USA 1-5 89
Sweden 3 27
Sweden 3 40
S Africa 4-5 2576 7.2s
Sweden 4 78 2.6s
Iceland 5 84 2.9t
USA 3-5 148 1.7s
USA 2-5 458 2.8s
Iceland 5 50 7.1s
Iceland 4 158 3.3s
S Africa 3-5 228
Canada 1-5 37
Tanzania 1-2.5 17 nursina caries
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Figure 1. Sequential order by proportion of pnmduwl children with detectable levels of nuil.ms slruptmuvi in llieir 
saliva. ‘'Paraffin-stimulated saliva and '^tongue loop saliva sample (lieighton, NHii) on conventional selective agar 
plate; ‘spatula method (Köhler and Bratthall, 1979); ‘'spatula tongue-pressed method (Weinberger and Wrieht, I W i )1 
‘•'Strip mutans“ test (Jensen and Bratthall, 1989); 'dipslide scoring method (Alaluusua cl ul., I W i).’
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Country Age Number dmf
S Africa 4-5 2576 7.2s
Sweden 1 38
Finland 5 149 2.2s
Tanzania 1-2.5 17 0
USA 1-5 89
Sweden 3 27
Sweden 4 78 2.6s
S Africa 3-5 228
Tanzania 1-2.5 17 nursing caries
Canada 1-5 37
Sweden 4-5 36
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Figure 2. Sequential order by proportion of pre-school children with high counts of mutans streptococci in their 
saliva. High counts > 100 colony-forming units (CFU) with athe spatula method (Kohler and Bratthall, 1979), bthe 
spatula tongue-pressed method (Weinberger and Wright, 1989), cthe Strip mutans® test (Jensen and Bratthall, 
1989), and dthe dipslide score '3' (Alaluusua el ah, 1984) correspond roughly with > 106 CFU/mL saliva with ethe 
paraffin-stimulated saliva and fthe tongue loop saliva sample (Beighton, 1986) on conventional selective agar plate.
(Granath et a!., 1993) consisted of the same ethnic groups of 
4-to-5-year-old pre-school children as well as 4~to-5-year-old 
urban whites. Salivary mutans streptococci were detected in 
85% and 74% of the pre-school children, respectively. One 
percent of the children in the study by Granath et ai (1993) 
and 27% of the children in the study by Chosack et ai (1988) 
showed high counts (> 106) of salivary mutans streptococci.
A large number of studies on salivary mutans s treptococci 
counts in pre-school children in the industrialized countries 
of Europe and North America could be traced. The 
prevalence of salivary mutans streptococci in pre-school 
children in Africa is illustrated sequentially together with 
data from Europe and North America in Fig. 1. It shows 
prevalences of salivary mutans streptococci in African pre­
school child populations lying within the range of 
prevalences observed in Europe and North America. To 
compare the oral loads of mutans streptococci of these pre­
school children more extensively, we plotted the proportions 
of children with high salivary mutans streptococci counts (>
106) sequentially (Fig. 2). The results indicate that the 
proportions of African pre-school children with high mutans 
streptococci counts are within the range of proportions found 
in pre-school children in industrialized countries.
Three studies have been performed in Africa on salivary 
mutans streptococci counts in the 5-to-l2-year age group. 
The studies in Mozambique (Carlsson et ai, 1985) and Sudan 
(Carlsson et ah, 1987) included only rural populations, while 
the survey in Tanzania (Matee et aI., 1985) consisted of both 
rural and urban populations. Fig. 3 illustrates prevalences of 
salivary mutans streptococci from these three African 
studies and from studies traced in Europe and North 
America. Fig. 4 presents the proportions of children with 
high salivary mutans streptococci counts. Figs. 3 and 4 
indicate that the data from Africa are within the range of 
data from the industrialized countries.
Three studies have been conducted in Africa on salivary 
mutans streptococci counts in the 12-to-19-year age group. 
The data from these studies, together with data from studies
Country Age Number DMF
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Sweden 9-12 238 3.OS
Sweden 7 129
Sweden 8-12 865
USA 10-12 292
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Sweden 8 88
Iceiand 9 75
Sweden 9-12 646 12.8S
Iceland 12 248 4.1S
Poland 10-12 168 4.7T
Sudan 12 307 0.2T
Mozambique 10-14 462 2.6t&T
Iceland 11-12 217 10.7S
Tanzania 7-9 141 0.2T
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Figure 3. Sequential order by proportion of children with a mixed dentition showing detectable levels of mutans 
streptococci in their saliva. For explanation of footnotes, see legend to Fig. 1.
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Figure 4. Sequential order by proportion of children with a mixed dentition showing high counts of nuitans 
streptococci in their saliva. For explanation of footnotes, see legend to Fig. 2.
traced in Europe and North America, are plotted in Figs. 5 
and 6 as in previous Figs. The data show comparable 
prevalences of salivary mutans streptococci, but children in 
this age group in Africa may have higher oral loads of 
mutans streptococci than their counterparts in Europe and 
North America.
Summarizing, all child populations examined, ages 7 
years and older, showed a prevalence of salivary mutans 
streptococci h igher than 70%, whereas 83% of these 
populations showed a prevalence of more than 80%. When 
the detection level is taken into account, it can be concluded 
that mutans streptococci are ub iqu itous in these child 
popu la t ions . Mutans streptococci shou ld  therefore be 
considered as belonging to the indigenous oral micro flora.
The prevalences of mutans streptococci and of high oral 
loads of mutans streptococci in African, European, and 
North American children (Figs. 1-6) do not indicate major 
differences among the children of the different continents, 
but instead seem to be similar,
Ecological determinants of mutans streptococci in dental plaque
The generally held view that diet and, more particularly, 
sugar consumption are major determ inants of mutans 
streptococci counts raises the question about the regulating 
mechanism responsible for comparable oral loads of mutans 
streptococci in the child populations of the three continents 
where dietary patterns are different,
Mutans streptococci have two unique properties which, 
under certain cond it ions , may p rov ide  them w ith  a 
competitive advantage in the ecology of dental plaque. First, 
in the presence of sucrose, mutans streptococci are able to 
synthesize a sticky extracellular glucan. This property is 
believed to facilitate the adherence of mutans streptococci to 
the tooth surface and enables sticky colonies to be formed 
(van Houte, 1980). Second, under a regime of frequent sugar 
consumption by the host and consecutive frequent acidic 
episodes in dental plaque, the relatively h igh acid ity 
tolerance of mutans streptococci may provide them with a 
selective growth advantage over other p laque  m icro ­
organisms (Marsh, 1989).
Several frequently quoted studies in animals (MiehalckW 
nl„ 1977) and in humans (Krasse cl nl., 1%7; M inah ct nl., 
1981), in support of the evidence of a specific sucrose- 
mediated glucan effect on mutans streptococci, may also 
show a non-specific pH-mediated growth effect on mutans 
streptococci, since these studies were not designed to study 
both effects separately. Ev idence regard ing  a specific 
sucrose-stim u la ting  effect on m u ta n s  streptococc i is 
equivocal. Animal studies investigating the effect of feeding 
w ith  e ither a g lucose or a sucrose d ie t on m u tans  
streptococci (van Monte i i  ///., 1976; van der 1 loeven and 
Rogers, 1983) showed a stimulating effect of sucrose per se 
on mutans streptococci counts, but other studies did not 
show a similar effect (Mikx cl nL, 1976). In rats, mutans 
streptococci isolates from Africa were established in high 
counts in the absence of sucrose on either a glucose, lactose, 
t)r a stareh diet (Matee cl til., 1993a),
In humans, consumption of increased amounts of either 
sucrose or glucose indicated that sucrose enhanced denial 
plaque accumulation compared with glucose (Carlsson and 
Egelberg, 1965), but it did not selectively a iled  the mutans 
streptococci counts in denta l p laque  (Carlsson, 1967). 
Neither did restricted sucrose consumption by individuals 
su ffe r ing  from hered itary  fructose in to le rance  and 
congenita! sucrose deficiency dramatically  al'lect mutans 
streptococci counts (van Houte aiul I Hulun, I97r>; I loover cl 
nl., 1980). Collectively, the data do not indicate sucrose- 
mediated g lucan fo rm ation  as an im po r tan t  selective 
stimulant of mutans streptococci in dental plaque.
Instead, frequent drops in pi 1 caused by carbohydrate 
metabolism may play a more significant role in the ecology 
of mutans streptococci in dental plaque. Evidence in support 
of this regulating mechanism can be derived from in vitro 
stud ies show ing  an increase in ac id- to lerant m u tan s  
streptococci at the expense of less-acid-tolerant species in a 
mixed-culture ehe m os tat system under a regime of regular 
carbohydrate-mediated pi I drops (Bradshaw ct til., 1989), 
Indirect evidence for a pi F regu la t ing  system in p laque 
ecology in vivo comes from  h u m a n s  s u H ering  from  
xerostomia who harbor h igh num bers  of acid Tolerant 
m u tans  streptococci (D re i/e n  and  Brow n, 1^76). Tin*
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Country Age Number DMF
Nigeria 12-14 501
USA 10-15 541 4.6S
Iceland 10-16 114 7.5S
Finland 12-17 123 6.7S
Sweden 13 388 5.7S
Sweden 13 91
Sweden 13-14 101 15.8S
Sweden 12-15 167
Finland 13 841 3.8S
Sweden 13-14 58
Scotland 12-14 372
Sudan 12-14 120 1.7T
Kenya 15-19 149 1.5S
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Figure 5. Sequential order by proportion of children with a permanent dentition showing delectable levels«o( 
mutans streptococci in their saliva. For explanation of footnotes, see legend to Hg. 1.
reduced buffering capacity of saliva, resulting in lower and 
prolonged Stephan curves in dental plaque, seems to 
provide the acid-tolerant mutans streptococci with a growth 
advantage over other plaque bacteria. The reported strong 
negative correlation between mutans streptococci counts 
and salivary secretion rate (Klock and Krasse, 1977; Seppa et 
al.f 1988) also supports this regulating mechanism. The 
recent observation of high mutans streptococci counts in 
dental plaque of children who were breast-fed at will during 
die night in the virtual absence of sucrose (Matee et a l, 
1992a, 1994) provides additional support for the view that 
frequent drops in pH caused by consumption of 
carbohydrates (in this case lactose, during the night, when 
saliva flow is reduced) may be a more important ecological 
determinant for mutans streptococci than the sucrose- 
mediated glucan synthesis.
Dietary effects on mutans streptococci
Breast-feeding at w ill during the night represents an 
extreme condition resulting in high mutans streptococci 
counts in the dental plaque of young children. Bottle- 
feeding at will and during the night represents similarly 
extreme dietary conditions/ and matching high mutans 
streptococci counts in dental plaque have been observed 
(van Houte el a l ,  1982). An inverse extreme dietary 
condition was created during an experiment where 
individuals refrained from consuming carbohydrates. After 
three weeks of almost total abstinence of carbohydrates (< 1 
mg/day), mutans streptococci counts in dental plaque of the 
participants dropped to almost unde tec table levels but 
sharply increased after the subjects had resumed 
consumption of carbohydrates (de Stoppelaar et al, 1970), 
This study by de Stoppelaar et al. (1970) has been quoted 
frequently as evidence in support of the regulating effect of 
diet on mutans streptococci counts in the mouth, but the fact 
that the study represents an extreme dietary condition has 
been ignored. Therefore, it should not be quoted in support 
of the view that real-life changes in the diet may induce 
dramatic shifts in mutans streptococci counts. Nevertheless, 
the findings provide evidence that mutans streptococci are
m
dependent on dietary carbohydrates and that, under 
extreme dietary conditions, in the ease* of either excess or 
absence of carbohydrates, their counts change dramatically.
A part from those extreme dietary conditions, the 
question remains whether moderate variations in diet, as 
they generally occur in real-life situations, could have 
induced the observed large differences in the number of 
salivary mutans streptococci between individuals. Studies 
on self-reported sugar consumption have .shown only weak 
correlations between sugar consumption and oral loads of 
mutans streptococci (Kristoffersson cl ///., l lM>; Stecksen 
Blicks, 1987; Seppii cf nl, 1988; Sundin and (iranath, 1W2). It 
has been reported that urban Indian and urban white prc 
school children in South Africa consume sweet snacks and 
sweet drinks twice as frequently as do their rural black 
counterparts, but oral loads of mutans streptococci were 
comparable between these groups (Ciranath cl tiL, IW ).
Information on self-reported sugar intake probably is not 
very reliable, and hence dietary intervention studies have 
been performed to assess the effect of dietary sugar on 
mutans streptococci counts. Two clinical trials on the effect of 
dietary sucrose on mutans streptococci counts, where a 
sucrose-rich diet (115 g/day sucrose) was consumed during 
a period of 12 days, resulted in a three-fold but not 
statistically significant increase in mutans streptococci counts 
in dental plaque, compared with a period of low dietary 
sucrose (15 g/day) intake (holla* cl <il, 1972; Ktaal cl tti.,
The first two clinical trials (Scheie cl til., 1984a; Minah cl al,, 
1985) on the effect of sucrose on salivary mutans streptococci 
counts could not demonstrate significant changes in oral 
loads of mutans streptococci after three weeks with 8 to 12
{
* I  I
■Jen-meal-sucrose moments compared with a three 
week period with 0 to 3 hetween-nuvil-suemso moments. A 
recent study (Wennerholm cl al., 1W ) where sugar inlake 
was restricted to less than two moments a day during h 
weeks showed a slight but not significant reduction in the 
m utans streptococci oral load, Only two studies 
(Kristoffersson and Birkhecl, '1^ 87; Andreen and Kohler, 
.1.992) have reported statistically significant two- In live-fold
^  I  *
reductions in the oral load of mutans streptococci alter (Ho- 
8-week periods of restricted sugar intake*.
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Sweden 13 91
USA 10-15 541 4.6S
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Figure 6. Sequential order by proportion of children with a permanent dentition showing high counts of mutans 
streptococci in their saliva. For explanation of footnotes, see legend to Fig. 2.
The clinical trials were conducted over relatively short 
periods, and in some studies the problem of compliance 
regarding the sugar restriction can be posed, implying 
limitations for proper extrapolation. Nevertheless, the 
results so far, showing weak correlations between mutans 
streptococci counts and dietary parameters, do not provide 
evidence to support the view that differences in dietary 
patterns are responsible for the large inter-individual 
variation of up to 105-fold in salivary mutans streptococci 
counts. The observed analogy between occurrence and 
distribution of mutans streptococci is in accordance with 
evidence provided in the literature that moderate 
differences in dietary patterns, as they occur between the 
continents, do not produce significant effects on mutans 
streptococci counts.
Diet of African children and the widespread distribution 
of mutans streptococci
The main source of nutrition for young African children in 
the countries mentioned is breast-feeding. Nursing bottles 
are rare and usually available only in urban areas. In rural 
areas in Tanzania, from 30 to 50% of the young children are 
still breast-fed at the age of 2 years (Matee et al, 1994). 
Supplementary feeding starts when they are between one 
and nine months of age (Matee et al., 1992b) and consists of 
porridge made of maize, sorghum, millet, and cassava flours 
in unrefined or slightly refined forms. Beyond the age of two 
years, children are usually weaned and introduced to semi­
solid foods which are mainly starchy. The daily intake 
frequency of cooked starch was 2.2 and that of mono- and 
disaccharide sugars 1.5 among l-to-4-year-old pre-school 
children (Matee et al., 1994), A dietary survey among 7-to-9- 
year-old children in rural areas in Tanzania revealed that the 
average moments of daily intake of fruits, sweet snacks, and 
sweet beverages were 2.2, 1.5, and 0.8, respectively. The 
consumption of sweets among urban counterparts was 
slightly higher (Frencken et al., 1986a). Similar dietary 
patterns that are high in starchy foods and low in fruits and 
sweet intake have been reported in neighboring Kenya (van 
Steenbergen et al, 1984) and in Mozambique and Sudan 
(Carlsson, 1989). In East and West Africa, the predominance 
of starch in foods becomes more pronounced in older 
children and adults, who derive more than 75% of their
daily energy requirement from starch (Enwonwu, 1988).
The annual per capita sucrose intake provides a rough 
estimate of the between-meals consumption frequency of 
sweets. The annual per capita sucrose intake at the time of the 
mutans streptococci surveys in Tanzania, Sudan, Kenya, 
Mozambique, and Nigeria varied between 6 and 18 kg per 
capita per year (Renson, 1986; Frencken et a l, 1986b; 
Carlsson, 1989) and is much lower than the approximately 
40 kg per capita per year (Marthaler, 1990) in European and 
North American countries where mutans streptococci 
prevalence studies have been performed. The low sucrose 
intake in these African countries is in accordance with the 
self-reported low consumption frequency between meals.
Summarizing, the African populations mentioned 
experience a change in carbohydrate intake from a diet 
consisting mainly of lactose to a diet high in starch around 
the age of 2 to 3, where sucrose and other sugars are 
consumed in low frequency. The dietary patterns of African, 
European, and North American child populations 
mentioned in this review are different, but not extremely so. 
Therefore, the absence of a clear dietary effect on salivary 
mutans streptococci counts in children from these three 
continents is in accordance with the results from 
epidemiological and experimental dietary studies. The 
frequently reported weak correlation between caries and 
salivary mutans streptococci counts is in accordance with 
the data from the literature showing weak correlations 
between the cariogenicity of the diet and salivary mutans 
streptococci counts.
i
Other factors that may affect mutans streptococci counts
Besides diet, oral hygiene, which is supposed to be poor in 
African children, has been suggested as a possible ecological 
determinant of mutans streptococci, but neither 
discontinuation of oral hygiene nor professional 
toothcleaning has shown a significant effect on salivary 
mutans streptococci counts (Klock and Krasse, 1978; 
Emilson et a l, 1982; Togeiius et a l, 1984). Open caries 
lesions, which are prevalent in Africans, provide retention 
sites and could therefore be considered as an ecological 
factor for mutans streptococci. However, elimination of 
caries lesions resulted in only a slight reduction in salivary 
mutans streptococci counts (Scheie et al, 1984b). Since none
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Country Age Number
Tanzania 1-2.5 34
Finland 5 47
UK 5-8 97
Sudan 12 42
Iceland 12 248
Sweden 4 78
Iceland 5 84
Mozambique 10-12 58
Iceland 11-12 217
Kenya 15-19 149
Iceland 9 75
Sweden 13-14 58
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Figure 7, Sequential order by proportion of children aged between 1 and 19 years showing detectable 
levels of S, sobrinus in their saliva. For explanation of footnotes, see legend to Fig. 1.
of the factors discussed seems to be a major determinant of 
salivary mu tans streptococci counts, other as-yet-unknown 
factors must play a role.
Caries in African children
In Africa, only a limited number of surveys has been 
carried out on dental caries in the primary dentition. 
Various levels of caries prevalence have been reported 
(Kerosuo and Honknla, 1991), Only one study (Kerosuo 
and Honkala, 1991) has compared the caries experience 
in pre-school children in an African country with that in 
a European country. The study demonstrated a much 
higher caries experience (dmft, 2.5) in 3-year-old 
Tanzanian children compared with Finnish children 
(dmft, 0.5). The dmft of Tanzanian children, which was 
2,5 at the age of 3, remained roughly the same until the 
age of 7 (dmft, 2.7). The finding in Tanzania that the dmft 
remained constant in the 3-to-7-year age period has also 
been reported in Kenya and Nigeria (Kerosuo and 
Honkala, 1991), but is in contrast to that of Finland, 
where the dmft increased from 0.5 at the age of 3 to 1.9 at 
the age of 7. A striking finding among the Tanzanian 
children was the high caries score in upper incisors 
(Kerosuo and Honkala, 199,1). Nursing caries was found 
to be highly prevalent among Tanzanian infants (Matee el 
til,, 1994), which may explain the high caries score in 
upper incisors in the sample examined by Kerosuo and 
Honkala (1991),
More than 50 surveys have been conducted on the caries 
experience of 12-to-14-year-old children in Africa. The mean 
DMFT scores ranged between 0.1 and 2.5, with two surveys 
reporting a 11igher score of 3.2 ancl 3.3 (Manji and Fejerskov,
1990). The corresponding DMFT scores in European and 
North American countries range between 2.8 and 8.2, with 
m o s t s t u cl i es re p o r t i n g a value g re a te r th a n 4 (H o Im, 1990). 
Thus, the two exceptionally high mean DMFT scores in 
Africa (3.2 and 3,3) are actually at the lower end of the scale 
of DMFT1 scores in Europe and North America.
Summarizing, 12-to-i4-year-old African children experience
rn* I S 14-substantially loss caries than their counterparts in 
countries, but for pre-school children this difference may not exist.
Species distribution and cariogenicity of mutans 
streptococci in Africa
The low caries experience in Africa, despite high oral loads 
of mutans streptococci, suggests that prevailing mutans 
streptococci strains in Africa may belong to less cariogenic 
species or serotypes or may have generally low cariogenic 
potential. Some support for this suggestion was provided by 
the finding of S. rnttus (serotype b) as the major mutans 
streptococci species in dental plaque in Tanzania (Kilian et 
al, 1979) and S. cricetus (serotype a) and S, rnttus as the 
predominant species in plaque in Egypt (Bratthall, 1972). 
The predominance of S. rnttus and S. cricetus could not be 
confirmed in later surveys on African populations, although 
arginine-positive strains (presumed to be S, rattus) have 
been indicated in Tanzania (Matee et al., 1985). These 
findings may have been disturbed by technical problems of 
identification, since it has been reported that mutans 
streptococci isolates hydrolyzing arginine should be treated 
with suspicion, since such isolates have been found to be 
contaminated with catalase-positive, Gram-positive cocci 
(Beighton et al,, 1991). Furthermore, the polyclonal 
antibodies used for identification in those studies may be 
disturbed by cross-reactivity among the different mutans 
streptococci species as well as by other oral bacteria (Hardie 
and Bowden, 1976; Scholler et al, 1981). Similar technical 
difficulties may have been experienced in the South Africa 
study by Nutt and van Wyk (1978), where S. cricetus and S. 
rnttus were found in a small number of individuals who 
otherwise harbored S. mutans and S. sobrinus as the 
predominant mutans streptococci species.
Subsequent studies on mutans streptococci distribution in 
Africa have found S. tint tans to be the predominant species, 
followed by S. sobrinus (Farghaly et al., 1984; Carlsson et al, 
1985,1987; Beighton etal, 1989; Matee el al, 1993b). All these 
studies have failed to demonstrate the presence of S. rattus 
and S. cricetus. However, the fact that S. cricetus was not 
found in some of the above studies (Carlsson et al, 1985, 
1987; Beighton et al, 1989), where bacitracin was applied for 
selective isolation, is more in accordance with the described 
inhibitory action of bacitracin on S. cricetus (Coykendall et al, 
1974) than with perse evidence for the absence of S. cricetus in 
the populations examined.
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Table. Approximate composition of cereals and grain products commonly consumed in East Africa (per 100 grams edible portion)3
Protein Fat
Total
Carbohydrates
Mono Poly
Fiber
Maize, yellow, immature cob 5 2.1 34 2 32 0.8
Maize, white, whole-kemel, dried 9.4 4.2 72 5 67 2
Maize, yellow, whole-kemel. dried 10 4.8 72 5 67 2
Maize, white, on cob, toasted 8 4.8 77 5 72 1.9
Maize, white, flour, 60-80% extraction 8 1 77 3 74 0.6
Maize, yellow, meal (unga wa mahindi) 9.3 3.8 72 5 67 1.9
Maize, white, meal (dona) 10 4.5 70 - 4.3
Millet, finger, whole-grain 7.4 1.3 73 - 2.6
Millet, bulrush, whole-grain 10 4 70 - 1.9
Millet, bulrush, flour 5.9 3.5 71 0.6
Rice, lightly milled, parboiled 7 0.5 80 80 0.4
Rice, milled, polished 11 3.2 72 4 68 2.4
Sorghum, whole-grain 11 3.2 72 4 68 2.4
Sorghum, flour 9.5 2.8 73 - 73 2.1
Wheat, whole, parboiled 12 1.8 71 2 69 2.2
Wheat, flour, 85% extraction 11 2 74 2 72 0.8
Adapted from Wert et al. (1988).
Fig. 7 shows prevalences of S. sobrinus in the saliva of 
different African and European child populations. 
Prevalences of salivary S. sobrinus in Africa are within the 
range of prevalences found in Europe.
Summarizing, the predominance of S. mutans species and 
the similarity in the prevalence of S. sobrinus, as well as the 
virtual or complete absence of other mutans streptococci 
species in both continents, implies that the low caries 
experience in African children cannot be explained by the 
prevailing mutans streptococci species.
Mutans streptococci are ubiquitous in African, European, 
and North American children ages 7 and above and should 
therefore be considered as belonging to indigenous human 
oral microflora. The hypothesis that S. mutans and S. 
sobrinus strains from Africa may possess lower cariogenic 
properties than strains from Western countries could not be 
substantiated in animal experiments (Emilson et al,, 1987). 
Thus, the low caries experience in African countries cannot 
readily be attributed to a lack of virulence of the prevailing 
mutans streptococci.
Diet and caries in Africa
Two or three main meals, containing starchy foods, provide 
the major energy source in the East African populations 
where mutans streptococci studies were performed. These 
starchy foods hardly contain sugars, as can be deduced from 
the Table, showing the composition of the commonly eaten 
starchy products in East Africa. Starchy foods have been 
shown to be far less cariogenic than the mono- and 
disaccharides (Horton et al, 1985; Schmid et al, 1988). High 
consumption frequency plays a major role in the 
development of caries (Gustafsson et al, 1954). Between- 
meal consumption is low in East African populations.
Of the sugars, sucrose is considered to be the most 
cariogenic, since it is the exclusive substrate for glucan
synthesis, which facilitates plaque accumulation (Carlsson 
and Egelberg, 1965) and seems to enhance the pH-lowering 
ability of plaque (van Houte, 1994). The annual sucrose 
intake per capita in East Africa ranges between 6 to 18 kg and 
is on the brink of the cut-off point for caries (around 15 to 20 
kg), as has been sixggested by Sreebny (1982). The low daily 
consumption frequency and the low sucrose intake explain 
the low caries experience in African populations. The 
differences in caries experience among the three continents 
cannot be explained by the prevailing mutans streptococci 
species but instead should be attributed to differences in the 
cariogenicity of the diets. A high salivary mutans 
streptococci count does not necessarily exert a cariogenic 
challenge, since the available dietary carbohydrates—not the 
mutans streptococci per se—are a prerequisite for the 
development of caries, according to the dietary 
carbohydrate-modified bacterial disease concept.
References
Alaluusua S, Renkonen OV (1983). Streptococcus mutans 
establishment and dental caries experience in children from
2 to 4 years old. Scand ƒ Dent Res 91:453-457.
Alaluusua S, Savolainen J, Tuompo H, Gronroos L (1984). Slide- 
scoring method for estimation of Streptococcus mutans levels 
in saliva. Scand j Dent Res 92:127-133.
Alaluusua S, Kleemola-Kujala E, Nystrom M, Evalahti M, 
Gronroos L (1987). Caries in the primary teeth and salivary 
Streptococcus mutans and lactobacillus levels as indicators of 
caries in permanent teeth. Pediatric Dent 9:126-130. 
Alaluusua S, Myllarniemi S, Kallio M (1989). Streptococcus 
mutans infection level and caries in a group of 5-year-old 
children. Caries Res 23:190-194.
Andreen I, Kohler B (1992). Effects of weight watchers' diet on 
salivary secretion rate, buffer effect and numbers of mutans 
streptococci and Lactobacilli. Scand ƒ Dent Res 100:93-97.
] Dent Res 75(1) 1996 Cariogenicity and Mutans Streptococci 543
Beighton D (1986). A simplified procedure for estimating the 
level of Streptococcus mutans in  the m outh . Br Dent J 
'160:329-330.
Beighton D, R ippon HR, Thomas HEC (1987). The distribution 
of Streptococcus mutans serotypes and dental caries in a 
group of 5- to 8-year-old Hampshire schoolchildren. Br 
Dent /162:103-106.
Beighton D, Manji F, Baelum V, Fejerskov O, Johnson NW, Wilton 
JMA (1989). Associations between salivary levels of Streptococcus 
mutans, Streptococcus sobrinus, lactobarilli and caries experience 
in Kenyan adolescents, ƒ Dent Res 68:1242-1246.
Beighton D, R usse ll RRB, W h ile y  R A  (1991). A  s im p le  
biochemical scheme for the differentiation of Streptococcus 
mutans and Streptococcus sobrinus. Caries Res 25:174-178.
Berkowitz RJ, Turner J, Green P (1980). Primary oral infection of 
infants with Streptococcus mutans. Arch Oral Biol 25:221-224.
Bradshaw DJ, McKee AS, M arsh  PD (1989). Effects of 
carbohydrate pulses and pH  on population shifts w ithin 
oral microbial communities in vitro. ƒ Dent Res 68:1298-1302.
Bratthall D (1972). Demonstration of Streptococcus mutans strains 
in some selected areas of the world. Odontol Revy 23:401-410.
Carlsson J, Egelberg J (1965). Effect of diet on early plaque 
formation in man. Odontol Revy 16:112-125.
Carlsson P (1989). D is tr ibu tion  of m utans streptococci in 
populations w ith different levels of sugar consumption. 
Scand } Dent Res 97:120-125.
Carlsson P, O lsson B, Bratthall D (1985). The relationship 
between the bacterium Streptococcus mutans in the saliva 
and dental caries in children in Mozambique. Arch Oral Biol 
30:265-268.
Carlsson P, Gandour IA, Olsson B, Rickardsson B, Abbas K 
(1987). H ig h  prevalence of m utans streptococci in a 
population w ith extremely low prevalence of dental caries. 
Oral Microbiol Immunol 2:121-124.
Catalanotto FA, Shklair IL, Keene HJ (1975). Prevalence and 
localization of Streptococcus mutans in infants and children. 
ƒ Am Dent Assoc 91:606-609.
Chosack A , Cleaton-Jones P, Woods A, Matejka J (1988). Caries 
prevalence and severity in  the prim ary dentition and 
Streptococcus mutans levels in  the saliva of 
preschoolchildren in South Africa. Community Dent Oral 
Epidemiol 16:289-291.
Coykendall AL, Specht PA, Samol H H  (1974). Streptococcus
mutans in a w ild , sucrose-eating rat population . Infect 
Immun 10:216-219.
C rall Jj, Edelste in  B, T inano ff N  (1990). R e la tionsh ip  of 
microbiological, social, and environmental variables to 
caries status in young children. Pediatric Dent 12:233-236.
De So et JJ, Holbrook WP, van Amerongen WE, Schipper E, 
H om burg  C H E , De G raaff J (1990). Prevalence of 
Streptococcus sobrinus in relation to dental caries in children 
from Iceland and the Netherlands. ƒ Dent Child 5:337-342.
De Stoppelaar JD, van Houte J, Backer Dirks O  (1970). The effect of 
carbohydrate restriction on the presence of Streptococcus mulans, 
Streptococcus sanguis and iodophilic polysaccharide-producing 
bacteria in human dental plaque. Caries Res 4:114-123.
Dreizen S, Brown LR (1976). Xerostomia and dental canes. In: 
Proceedings, microbial aspects of dental caries. Stiles HM, 
Loesche WJ, O'Brien TC, editors. Microbiology Abstracts. 
Vol. 1. New York: Information Retrieval, pp. 263-273.
Edelstein B, Tinanoff N  (1989). Screening preschool children for
dental caries using a microbial test. Pediatric Dent 11:129-132.
Edwardsson S (1970). The caries-inducing property of variants 
of Streptococcus mu tans. Odontol Revy 21:153-157.
El Tayeb Ibrahim Y, Bratthall D, Carlsson P (1985). Dental caries 
and  Streptococcus mu tans in Sudanese schoolchildren. 
Odontostomatol Trop 8:77-80.
El Nadeef M A I (1991). D istribution of mutans streptococci 
among Nigerian schoolchildren (M Dent Sc thesis). Malmo, 
Sweden: University of Lund.
Em ilson CG (1983). Prevalence of Streptococcus mutans with 
different colonial morphologies in hum an plaque and 
saliva. Scand J Dent Res 91:26-32.
Emilson CG, Krasse B (1985). Support for and implications of 
the specific plaque hypothesis. Scand ƒ Doit Res 93:96-104.
Emilson CG, Krasse B (1986). Comparison between a dip-slide 
test and plate count for determ ination of Streptococcus 
mutans infection. Scand ] Dent Res 94:500-506.
E m ilson  CG , Axelsson P, K a llenberg  L (1982). Effect of 
mechanical and chemical plaque control measures on oral 
m ic ro flo ra  in  schoo lch ild ren . Community Dent Oral 
Epidemiol 10:111-116,
Emilson CG, Carlsson P, Bratthall D (1987). Strains of mutans 
streptococci isolated in a population with extremely low 
caries prevalence are cariogenic in the hamster model. Oral 
Microbiol Immunol 2:183-186.
Enw onw u CO  (1988), Societal expectations for oral health: 
Response of the dental care system in Africa, j Public Health 
Dent 48:84-93.
Farghaly M M , Ek lund  S, Loesche WJ (1984), Streptococcus 
mutans levels and biotypes in Egyptian and Saudi Arabian 
students during the first months of residency in the United 
States. ƒ Deni Res 63:52-55.
Folke LE, Gawronski TH, Staat RH, Harris RS (1972). Effect of 
dietary sucrose on quantity and quality of plaque. Scaiul / 
Dent Res 80:529-533.
Frencken JEFM, Truin GJ, Konig KG, Ruikcn RM llM , Elvers 
HJW  (1986a). Prevalence of caries, plaque and gingivitis in 
an urban and rural Tanzanian child population. Community 
Dent Oral Epidemiol 14:161-164.
Frencken J, Manji F, Mosha H (1986b). Dental caries prevalence 
am ongst 12-year-old urban ch ild ren  in East Africa. 
Com in unity Deni Oral Epidemiol '14:94-98.
G ranath L, Cleaton-Jones P, Pal Li LP, Grossman ES (1993). 
Prevalence of dental caries in 4- to 5-year-old children 
p a rtly  exp la ined  by presence of sa livary  m u lans 
streptococci. / Cl in Microbiol 31:66-70.
Grindefjord M, Dahl 1 of G, Wikner S, I lojer B, Modeer T (1991). 
Prevalence of mutans streptococci in one-year-old children, 
Oral Microbiol Immunol 6:280-283.
Grindefjord M, Dahllof G, Ekstrom G, Hojer W, Modeer T (1993). 
Caries prevalence in 2.5-year-old cliildren. Curies Res 
27:505-510.
Gustafsson BE, Quensel C, Lanke SL, Lundqvist C, Grahnen I I, 
Bo now BE, el ai (1954), The Vipeholm dental caries study: 
The effect of different levels of carbohydrate intake on 
caries activity in 436 individuals observed for 5 years. Acta 
Odontol Scand 11:195-388.
Hardie JM, Bowden GH (1976). Some serological eross-i vac lions 
between Streptococcus mutans, S sanguis, and other dental 
plaque streptococci. / Dent Res 55:50-58,
Holbrook WP (1993). Dental caries and cariogenic factors in
544 van Palenstein Helderman et al. J Dent Res 75(1) 1996
preschool urban Icelandic children. Caries Res 27:431-437.
Holbrook WP, Beighton D (1987). Streptococcus mutans levels in 
saliva and distribution of serotypes among 9 -year-old 
Icelandic children. Scand J Dent Res 95:37-42.
Holbrook WP, Arnadöttir IB, Takazoe I, Birkhed D, Frostell G
(1995). Longitudinal study of caries, cariogenic bacteria and 
diet in children just before and after starting school. Eur ] 
Oral Sei 103:42-45.
Holm AK (1990). Diet and dental caries in high-risk groups in 
developed and developing countries. Caries Res 24:44-52.
Hoover CI, Newbrun E, Mettraux G, Graf H (1980). Microflora 
and chemical composition of dental plaque from subjects 
with hereditary fructose intolerance. Infect Immun 28:853-859.
Horton WA, Jacob AE, Green RM, Hillier VF, Drucker DB 
(1985). The cariogenicity of sucrose, glucose and maize 
starch in gnotobiotic rats mono-infected with strains of the 
bacteria Streptococcus mutans, Streptococcus salivarius and 
Streptococcus milleri. Arch Oral Biol 30:777-780.
Jensen B, Bratthall D (1989). A new method for the estimation of 
mutans streptococci in human saliva. ƒ Dent Res 68:468-471.
Kelstrup J, Theilade J, Poulsen S, M 0 ller IJ (1974). 
Bacteriological, electron microscopical, and biochemical 
studies on dento-gingival plaque of Moroccan children 
from an area with low caries prevalence. Caries Res 8:61-83.
Kerosuo H, Honkala E (1991). Caries experience in the primary 
dentition of Tanzanian and Finnish 3-7-year~old children. 
Community Dent Oral Epidemiol 19:272-276.
Kilian M, Thylstrup A, Fejerskov O (1979). Predominant plaque 
flora of Tanzanian children exposed to high and low water 
fluoride concentrations. Caries Res 13:330-343.
Kingman A, Little W, Gomez I, Heifetz SB, Driscoll WS, Sheats 
R, et al. (1988). Salivary levels of Streptococcus mutans and 
lactobacilli and dental caries experiences in a US adolescent 
population. Community Dent Oral Epidemiol 16:98-103.
Klock B, Krasse B (1977). Microbial and salivary conditions in 9- 
to 12-year-old children. Scand ] Dent Res 85:56-63.
Klock B, Krasse B (1978). Effect of caries preventive measures in 
children with high numbers of S. mutans and lactobacilli. 
Scand J Dent Res 86:221-230.
Klock B, Krasse B (1987). Caries status and microbial conditions 
in children in 1973 and 1984. Scand ƒ Dent Res 95:13-17.
Köhler B, Bjarnason S (1987). Mutans streptococci, lactobacilli 
and caries prevalence in 11- and 12- year-old Icelandic 
children. Community Dent Oral Epidemiol 15:332-335.
Köhler B, Bratthall D (1978). Intrafamilial levels of Streptococcus 
mutans and some aspects of the bacterial transmission. 
Scand ƒ Dent Res 86:35-42.
Köhler B, Bratthall D (1979). A practical method to facilitate the 
estimation of Streptococcus mutans levels in saliva. J Clin 
Microbiol 9:584-588.
Kohler B, Pettersson BM, Bratthall D (1981). Streptococcus mutans 
in plaque and saliva and the development of caries. Scand ƒ 
Dent Res 89:19-25.
Kohler B, Bratthall D, Krasse B (1983). Preventive measures in 
mothers influence the establishment of the bacterium 
Streptococcus mutans in their infants. Arch Oral Biol 28:225-231.
Kohler B, Andreen I, Jonsson B (1984). The effect of caries- 
preventive measures in mothers on dental caries and the 
oral presence of the bacteria Streptococcus mutans and 
lactobacilli in their children. Arch Oral Biol 29:879-883.
Kohler B, Andreen I, Jonsson B (1988). The earlier the
colonization by mutans streptococci, the higher the caries 
prevalence at 4 years of age. Oral Microbiol Immunol 3:14-17.
Köhler B, Bjarnason S, Finnbogason SY, Holbrook WP (1995). 
Mutans streptococci, lactobacilli and caries experience in 
12-year-old Icelandic urban children, 1984 and 1991. 
Community Dent Oral Epidemiol 23:65-68.
Krasse B, Edwardsson S, Svensson I, Trell L (1967). Implantation 
of caries-inducing streptococci in the human oral cavity. 
Arch Oral Biol 12:231-236.
Kristoffersson K, Birkhed D (1987). Effects of partial sugar 
restriction for 6 weeks on numbers of Streptococcus mutans 
in saliva and interdental plaque in man. Caries Res 21:79-86.
Kristoffersson K, Axelsson P, Birkhed D, Bratthall D (1986). 
Caries prevalence, salivary Streptococcus mutans and dietary 
scores in 13-year-old Swedish schoolchildren. Community 
Dent Oral Epidemiol 14:202-205.
Lindquist B, Emilson CG (1990). Distribution and prevalence of 
mutans streptococci in the human dentition. } Dent Res 
69:1160-1166.
Loesche WJ (1986). Role of Streptococcus mutans in human dental 
decay. Microbiol Rev 50:353-380.
Manji F, Fejerskov O (1990). Dental caries in developing 
countries in relation to the appropriate use of fluoride, ƒ 
Dent Res 69(Spec Iss):733-741.
Marsh PD (1989). Host defenses and microbial homeostasis: 
Role of microbial interactions. J Dent Res 68:1567-1575.
Marthaler TM (1990). Changes in the prevalence of dental 
caries: How much can be attributed to changes in diet? 
Caries Res 24(Suppl 1):3-15.
Matee MIN, Mikx FHM, Frencken JEFM, Truin GJ, Ruiken 
HMHM (1985). Selection of a micromethod and its use in 
the estimation of salivary Streptococcus mutans and 
lactobacillus counts in relation to dental caries in 
Tanzanian children. Caries Res 19:497-506.
Matee MIN, Mikx FHM, Maselle SY, van Palenstein Helderman 
WH (1992a). Mutans streptococci and lactobacilli in breast­
fed children with rampant caries. Caries Res 26:183-187.
Matee MIN, Mikx FHM, Maselle SYM, van Palenstein 
Helderman WH (1992b). Rampant caries and linear 
hypoplasia. Caries Res 26:205-208.
Matee MIN, Mikx FHM, Maselle SYM, van Palenstein 
Helderman WH (1993a). The influence of dietary sugars 
and starch on the establishment of Streptococcus mutans and 
Actinomyces viscosus in dental plaque of specific pathogen 
free rats. African Dent J 7:1-5.
Matee MIN, Mikx FHM, de Soet JS, Maselle SY, de Graaff J, van 
Palenstein Helderman WH (1993b). Mutans streptococci in 
caries-active and caries-free infants in Tanzania. Oral 
Microbiol 8:322-324.
Matee MIN, V an 't Hof MA, Maselle SY, Mikx FHM, van 
Palenstein Helderman WH (1994). Nursing caries, linear 
hypoplasia, and nursing and weaning habits in Tanzanian 
infants. Community Dent Oral Epidemiol 22:289-293.
Michalek SM, McGhee JR, Shiota T, Devenyns D (1977). Low 
sucrose levels promote extensive Streptococcus mutans- 
induced dental caries. Infect Immun 16:712-714.
Mikx FH, van der Hoeven JS, Plasschaert A], König KG (1976). 
Establishment and symbiosis of Actinomyces viscosus, 
Streptococcus sanguis and Streptococcus mutans in germ-free 
Osborne-Menclel rats. Caries Res 10:123-132.
Minah GE, Lovekin GB, Finney JP (1981). Sucrose-induced
} Dent Res 75(1) '1996 Cariogenicity and Mutans Streptococci 545
ecological response of experimental dental plaques from 
caries-free and caries-susceptible human volunteers. Infect 
Immun 34:662-675.
Minah GE, Solomon ES, Chu K (1985). The association between 
dietary sucrose consumption and microbial population 
shifts at six oral sites in man. Arch Oral Biol 30:397-401.
Newbrun E, Matsukubo T, Hoover Cl, Graves RC, Brown AT, 
Disney JA, et al. (1984). Comparison of two screening tests 
for Streptococcus mat ans and evaluation of their suitability 
for mass screenings and private practice. Community Dent 
Oral Epidemiol 12:325-331.
Nutt G, van Wyk CW (1978). The distribution of bio types of 
Streptococcus mutans in some isolated communities in the 
Western Cape, ƒ Dent Assoc S Afi‘ 33:585-589.
Renson CE (1986). Changing patterns of oral health —• a survey 
of 20 countries. Am Acad Med Singapore 15:284-298.
Russell JI, MacFarlane TW, Aitchison TC, Stephen KW, Burchell 
CK (1990). Salivary levels of mutans streptococci, 
lactobacillus, C and ida  and veillonella species in a group of 
Scottish adolescents. Community Dent Oral Epidemiol 18:17-21.
Saemundsson SR, Bergmann H, Magnüsdottir MO, Holbrook 
WP (1992). Dental caries and Streptococcus mutans in a rural 
child population in Iceland. Scand } Dent Res 100:299-303.
Scheie A A, Arneberg P, Örstavik D, Afseth J (1984a). Microbial 
composition, pH-depressing capacity and acidogenicity of 
3-week smooth surface plaque developed on sucrose- 
regulated diets in man. Caries Res 18:74-86,
Scheie A A, Selikowitz HS, Arneberg P (1984b). A comparison of
S. mu tans prevalence in relation to caries experience in 
Norwegian and immigrant Vietnamese children, ƒ Dent Res 
63:1383-1386.
Schöller M, Klein JP, Frank RM (1981). Common antigens of 
streptococcal and non-streptococcal oral bacteria: 
Immunochemical studies of extracellular and cell-wall- 
associated antigens from Streptococcus sanguis, Streptococcus 
mu tans, Lactobacillus salivarius, and Actinomyces viscosus. 
Infect Immun 31:52-60.
Schmid R, Cleaton-Jones P, Lutz F (1988). Cariogenicity of 
traditional African foodstuffs (maize, beans, sorghum, 
brown bread) on rat caries* Caries Res 22:242-245.
Seppci L, Pöllänen L, Hausen I i (1988). Streptococcus mutans 
counts obtained by a dip-slide method in relation to caries 
frequency, sucrose intake and flow rate of saliva. Caries Res 
22:226-279.
Sreebny LM (1982). Sugar availability, sugar consumption and 
dental caries. Community Dent Oral Epidemiol 10:1-7.
Staat RH, Gawronski TIT, Cressey DE, Harris RS, Folke LE 
(1975). Effects of dietary sucrose levels on the quantity and 
microbial composition of human dental plaque, ƒ Dent Res
54:872-880.
Stecksen-Blicks C ('1985). Salivary counts of lactobacilli and 
Streptococcus mu tans in caries prediction. Scand ƒ Dent Res 
93:204-212.
Stecksen-Blicks C (1987). Lactobacilli and Streptococcus mutans in 
saliva, diet and caries increment in 8 - and 13-year-old 
children. Scand f Dent Res 95:18-26.
Sundin B, Granath L (1992). Sweets and other sugary products 
tend to be the primary etiologic factors in dental caries.
Scand ] Dent Res 100:137-139.
Thibodeau EA, O'Sullivan DM (1995). Salivary mutans 
streptococci and incidence of caries in preschool children. 
Caries Res 29:148-153.
Thibodeau EA, O'Sullivan DM, Tinanoff N (1993). Mutans 
streptococci and caries prevalence in preschool children. 
Community Dent Oral Epidemiol 21:288-291.
Togelius J, Bratthall D (1982). Frequency of the bacterium 
Streptococcus mutans in the saliva of selected human 
populations. Arch Oral Biol 27:113-116.
Togelius J, Kristoffersson K, Anderson H, Bratthall D (1984). 
Streptococcus mutans in saliva: Intraindividual variations 
and relation to the number of colonized sites. Acta Odontol
Scand 42:157-163.
Twetman S, Mattiasson A, Varela RJ, Bratthall D (1990). Mutans 
streptococci in saliva and dental caries in children living in 
a high and a low fluoride area, Oral Microbiol Immunol 
5:169-171.
Van der Hoeven JS, Rogers AH (1983). Initial adherence and 
minimum infective dose for rats of Streptococcus mutans T2 
grown under differing conditions. Caries Res 17:62-70.
Van Houte J (1980). Bacterial specificity in the etiology of dental 
caries, bit Dent ƒ 30:305-326.
Van Houte J (1994). Role of micro-organisms in the caries 
etiology. J Dent Res 73:672-681.
Van Houte J, Duchin S (1975). Streptococcus mutans in the 
mouths of children with congenital sucrose deficiency. 
Arch Oral Biol 20:771-773.
Van Houte J, Burgess RC, Onose H (1976). Oral implantation of 
human strains of Streptococcus mutans in rats fed sucrose or 
glucose diets. Arch Oral Biol 21:561-564.
Van Houte J, Gibbs G, Butera C (1982), Oral flora of children 
with "nursing bottle caries", ƒ Dent Res 61:382-385.
Van Palenstein Helderman W H, Drayer A, Ijsseldijk M, 
Groeneveld A (1986). A search for methods predicting 
increments of caries (abstract). Caries Res 20:170.
Van Steenbergen WM, Kusin JA, Onchere SR (1984). Household 
activities and dietary patterns. In: Maternal and child 
health in rural Kenya. Van Ginnekin JK, Muller AS, 
Editors. London: Croom Helm, pp. 31-42.
Weinberger SJ, Wright GZ (1989). Correlating Streptococcus 
mutans with dental caries in young children using a 
clinically applicable microbiological method. Caries Res 
23:385-388.
Wennerholm K, Birkhed D, Emilson CG (1995). Effects of sugar 
restriction on Streptococcus mutans and Streptococcus 
sobrinus in saliva and dental plaque. Caries Res 29:54-61.
Wert CE, Pepping F, Temalimwa CR (1988). The composition of 
foods commonly eaten in East Africa (technical report). 
Wageningen, The Netherlands: Wageningen Agricultural 
University.
Wierzbicka M, Carlsson P, Struzycka I, Iwanicka-Frankowska E, 
Bratthall D (1987). Oral health and factors related to oral 
health in Polish schoolchildren. Community Dent Oral 
Epidemiol 15:216-217.
Zickert I, Emilson CG, Krasse B (1982). Streptococcus mutans, 
lactobacilli and dental health in 13-14-year-old Swedish 
children. Community Dent Oral Epidemiol 10:77-81.
